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(54)Title: SILICON BASED CONDUCTIVE MATERIAL AND PROCESS FOR PRODUCTION THEREOF 



(57) Abstract 

A silicon based conductive material based on a semiconductor silicon and having an 
electric resistivity of 10' 3 (CI . m) or less at ambient temperature, which has been 
unattainable heretofore, while facilitating production and handling. An electric resistivity of 
10* 6 (O . m) or less, which is common for conductors, can be realized by adding relatively 
large quantities of various kinds of elements to silicon. The conductive material can be 
provided in a semiconductor silicon substrate in a desired pattern by ion beam implantation 
and patterning. It can be employed not only in the form of a substrate, a rod or a wire, but 
also in the form of fine particles dispersed in a resin or glass to be employed in various 
applications requiring conduction, including a conductive sheet material. 
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•a & 


m ft 










ft 
(at%) 


(M/m3) 




(W/mK) 




1 


Si 


Zn 


0.10 


1.1X1019 


3.67X10-4 


52.7 




2 


Si 


Zn 


0.50 


5.4X1019 


1.20X10-5 


54.3 




3 


Si 


Zn 


1.0 


7.3X1019 


6.7X10-6 


55.3 




4 


Si 


Zn 


3.0 


1.6X1021 


1.77X10-6 


57.3 




5 


Si 


Zn 


5.0 


4.2X1021 


2.06X10-6 


60 




6 


Si 


Zn 


7.0 


8.3X1021 


4.40X10-7 j 


65.3 




7 


Si 


Cd 


1.0 


5.3X1019 


1.27X10-5 


56 i 




8 


Si 


B 


3.0 


8.0X1020 


2.06X10-6 


58.3 


m 


9 


Si 


Al 


0.10 


5.8X1018 


8.33X10-5 


52 


10 


Si 


Al 


0.50 


2.9X1019 


\.A I X 1U ° 




Q 
O 


11 


Si 


Al 


1.0 


3.3X1020 


4.37X10-6 


55.7 j 




1Z 




Al 


5.0 




3.20X10-6 


62 | 




13 


Si 


Al 


7.0 


4.8X1021 


3.60X10-7 


67.3 




14 


Si 


Ga 


3.0 


6.3X1020 


2.80X10-6 


61.7 




15 


Si 


In 


3.0 


4.9X1020 


2.36X10-6 


60.7 




16 


Si 


Zn 
Cd 


1.0 
1.0 


1.3X1021 


1.20X10-6 


57.7 




17 


Si 


Zn 
Al 


1.0 
2.0 


1.8X1021 


3.03X10-6 


59.3 




18 


Si 


Al 
Ga 


1.5 
1.5 


1.0X1021 


1.71X10-6 


60 


Ex 
3a 


19 


Si-Ge 


Zn 


3.0 


1.2X1021 


! 6.2X10-5 


9.0 


20 


Si-Ge 


1 A1 


3.0 


1.1X1021 


6.4X10-5 


5.6 
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No 




mUyzM 

mum 












mu 


mu 

m 

(at%) 


MP* /-X- 
V.XVX/ 111"/ 




V, YY / ITLXV/ 




21 


Si 


P 


0.10 


4.8X1018 


1.35X10-4 


51.3 




22 


Si 


P 


0.50 


3.1X1019 


1.42X10-5 


55.7 




23 


Si 


P 


1.0 


7.3X1019 


1.12X10-5 


58.0 




24 


Si 


P 


3.0 


2.8X1020 


3.20X10-6 


61.7 




25 


Si 


P 


5.0 


1.2X1021 


1.83X10-6 


64.0 




26 


Si 


P 


10.0 


3.4X1021 


1.10X10-6 


68.0 




27 


Si 


P 


15.0 


7.9X1021 


9.40X10-7 


77.7 


m 


28 


Si 


Bi 


0.10 


3.2X1018 


1.24X10-4 


52.7 


m 


29 


Si 


Bi 


0.50 


2.4X1019 


2.03X10-5 


58.0 


m 


30 


Si 


Bi 


3.0 


1.8X1020 


4.84X10-6 


61 


4 


31 


Si 


TT> * 

Dl 


1U.U 


1.2X1021 


9 V 1 ft-6 


D 1 


32 


Si 


Bi 


15.0 


3.4X1021 


1.20X10-6 


74.7 






C3i 
ol 


N 


3.0 


1 3X1020 


2.95X10-6 


62 




34 


Si 


Sb 


3.0 


2.4X1020 


2.34X10-6 


63 




35 


Si 


Bi 


3.0 


2.7X1020 


2.18X10-6 


60.7 




36 


Si 


O 


3.0 


1.2X1020 


5.42X10-6 


58 




37 


Si 


S 


3.0 


2.6X1020 


3.04X10-6 


61.7 




38 


Si 


P 
Sb 


1.5 
1.5 


2.7X1020 


2.82X10-6 


63 




39 


Si 


P 
Bi 


1.0 
2.0 


2.4X1020 


3.56X10-6 


59.3 


E 
X 
4a 


40 


Si-Ge 


P 


3.0 


2.3X1020 


2.05X10-5 


5.2 


41 


Si-Ge 


Bi 


3.0 


1.4X1020 


3.41X10-5 


9.0 
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mmw5 

SttDfttt, FMO)*^ V -V— Jft|g*«1019~1020(M/m3)(I«c« «fc 5PM<D5cfH* s 
t#^>ti7^/i<^ V^CD-T h$:5X5X5mm, 10XlOX2mm, 10$X2mm 

%hfttz.7$$ VtfctfM >3y h £5X5X5mm, 10XlOX2mm, 10$X2mm 

>>y 3>*»ttJR%fflllt*fc»i:, 2-6>fb^W^^^{i3-5^W 
«#MtffciS*fi£Si(lON) 3»i * »±5JBS©S5jbll7C& i: £ 3*7-1 K*rt «k *> KBB 

P, NgJ<D3r-V U-V— ^S^10i9~1020(M/m3)C^c5«J;-5He^L, 8MS¥l/Jfe. 
%b?ltziK$ Vt^tfM >zfy h £5X5X5mm, 10XlOX2mm, 10<|>X2mm 
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^5-1 





No 


* ir rr 


















Vau to ) 




1 


Si 


B 


2.2 


p 


2.0 




2 


Si 


B 


3.0 


P ! 


2.0 




3 


Si 


B 


5 0 


P ! 


2.0 




4 


Si 


B 


8.0 


p 


2.0 




5 


Si 


B 


3 2 


Sb 


3.0 


m 


6 


Si 


B 


4.0 


Sb 


3.0 




7 


Si 


B 


6.0 


Sb 


3.0 




8 


Si 


B 


9.0 


Sb 


3.0 




9 


Si 


Al 


2 2 


p 


2.0 


■He 


10 


Si 


Al 


3 0 


p 


2.0 


w 


11 


Si 


Al 


5.0 


P 


2.0 




12 


Si 


Al 


8.0 


P 


2.0 




13 


Si 


Al 


3.2 


Bi 


3.0 




14 


Si 


Al 


4.0 


Bi 


3.0 


m 


15 


Si 


Al 


6.0 


Bi 


3.0 


16 


Si 


Al 


9.0 


Bi 


3.0 




17 


Si 


Ga 


2.2 


P 


2.0 




18 


Si 


Ga 


3.0 


P 


2.0 




19 


Si 


Ga 


5.0 


P 


2.0 


5 


20 


Si 


Ga 


8.0 


P 


2.0 




21 


Si 


Ga 


3.2 


Sb 


3.0 




22 


Si 


Ga 


4.0 


Sb 


3.0 




23 


Si 


Ga 


6.0 


Sb 


3.0 




24 


Si 


Ga 


9.0 


Sb 


3.0 




25 


Si 


In 


2.2 


P 


2.0 




26 


Si 


In 


3.0 


P 


2.0 




27 


Si 


In 


5.0 


P 


2.0 




28 


Si 


In 


8.0 


P 


2.0 
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24 
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115-2 





No 




» ft 






n(M/m3) 


pV.»" IIU 


7!*\ 




1 


5.20X10 + 18 


7.80X10-3 


25 




2 


1.02X10+19 


3.60X10-5 


19 




3 


7.30X10+20 


6.90X10-6 


15 




4 


2.70X10+21 


2.40X10-6 


13 




5 


4.20X10+18 


7.60X10-3 


33 


m 


6 


6.80X10 + 19 


4.10X10-5 


24 




7 


5.90X10+20 


7.80X10-6 


18 




8 


1.80X10+21 


3.40X10-6 


15 




9 


3.30X10+18 


8.50X10-3 


28 




10 


7.80X10+19 


6.30X10-5 


20 




11 


3.80X10+20 


2.10X10-5 


18 




12 


1.40X10+21 


7.80X10-6 


16 




13 


2.10X10+18 


8.20X10-3 


41 




14 


6.70X10+19 


5.90X10-5 


26 


m 


15 


3.60X10+20 


1.80X10-5 


24 


16 


1.30X10+21 


7.20X10-6 


22 




17 


2.30X10+18 


9.80X10-3 


21 


5 


18 


5.20X10+19 


7.20X10-5 


17 1 


19 


3.70X10+20 


3.60X10-5 


13 




20 


1.90X10+21 


9.30X10-6 


11 




21 


2.60X10+18 


9.20X10-3 


26 




22 


4.30X10+19 


6.80X10-5 


20 




23 


3.80X10 + 20 


3.20X10-5 


16 




24 


1.20X10+21 


8.90X10-6 


13 




25 


3.70X10+18 


9.40X10-3 


23 




26 


6.80X10 + 19 


6.70X10-5 


18 




27 


4.70X10+20 


2.90X10-5 


15 




28 


1.60X10+21 


7.70X10-6 


13 
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m.6-1 





JNO 








I 
1 








(at%) 




(at%) 1 


1 


31 


Si 


B 


2.0 


ir 


9 9 1 




32 


Si 

Ul 


B 


2.0 


r 


o n 1 
o.U 1 




33 

wo 


Si 

U A 


B 


2.0 


F 


q n 1 
o.U 1 


1 




Si 

Ul 


B 


2.0 


P 


ion 1 
lo.U ] 


1 


3*\ 


Si 


B 


3.0 


ob 


O.Z 1 


1 ^ 




Si 


B 


3.0 


Sb 


>< n 1 
4.U i 




37 


Si 


B 


3.0 


Sb 


an 1 

y.u i 


1 


3ft 
oo 


Si 
ui 


B 


3.0 


bb 


14. U 1 


1 


3Q 


Si 

Ul 


Al 


2.0 


P 


o O 1 


m 




Si 


Al 


2.0 


P 


o.U 1 


41 


Si 
ux 


Al 


2.0 


P 


q n 1 
o.U S 


1 


49 


Si 

Ul 


Al 


2.0 


F 


ion 1 
lo.U 1 


J 


43 


Si 
ui 


Al 


3.0 


Bi 


3.2 




44 


Si 


Al 


3.0 


Bi 


4.0 


m 


45 


Si 


Al 


3.0 


Bi 


9.0 


46 


Si 


Al 


3.0 


Bi 


14.0 




47 


Si 


Ga 


2.0 


P 


2.2 




48 


Si 


Ga 


2.0 


P 


3.0 




49 


Si 


Ga 


2.0 


P 


8.0 


6 


50 


Si 


Ga 


2.0 


P 


13.0 




51 


Si 


Ga 


3.0 


Sb 


3.2 




52 


Si 


Ga 


3.0 


Sb 


4.0 




53 


Si 


Ga 


3.0 


Sb 


9.0 




54 


Si 


Ga 


3.0 


Sb 


14.0 




55 


Si 


In 


2.0 


P 


2.2 




56 


Si 


In 


2.0 


P 


3.0 




57 


Si 


In 


2.0 


P 


8.0 ! 




58 


Si 


In 


2.0 


P 


13.0 
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116-2 





No 


3rY U -V— «JR 


» ft 






n(M/m3) 


of Q»ni) 

\ U St u. X/ 


i^(W/m-K) 




31 


4.30X10+18 


7.20X10-3 


48 




32 


3.70X10 + 19 


3.60X10-5 


24 




33 


5.70X10+20 


9.60X10-6 


15 




34 


1.80X10 + 21 


5.20X10-6 


13 




35 


3.50X10 + 18 


8.40X10-3 


52 




36 


3.20X10 + 19 


4.20X10-5 


36 


m 


37 


5.20X10+20 


1.04X10-5 


24 ! 




38 


1.60X10+21 


5.80X10-6 


21 




39 


3.60X10 + 18 


5.60X10-3 


51 




40 


3.40X10 + 19 


4 20X10-5 


27 




41 


4.40X10+20 


9.80X10-6 


19 




42 


1.20X10 + 21 


5.60X10-6 


14 ! 


m 


43 


2.90X10 + 18 


8.40X10-3 


59 


44 


3.10X10+19 


4.60X10-5 


41 




45 


3.70X10 + 20 


1.04X10-5 


28 




46 


1.10X10 + 21 


5.60X10-6 


24 




47 


3.80X10 + 18 


7.40X10-3 


33 




48 


3.60X10 + 19 


4.00X10-5 


19 


m 


49 


4.70X10+20 


1.02X10-5 


10 


50 


1.40X10+21 


5.40X10-6 


7 




51 


3.60X10 + 18 


8.60X10-3 


36 




52 


3.40X10 + 19 


5.20X10-5 


26 




53 


4.10X10 + 20 


1.10X10-5 


20 




54 


1.30X10+21 


6.40X10-6 


15 


6 . 


55 


4.20X10 + 18 


7.20X10-3 


44 I 




56 


3.90X10 + 19 


3.80X10-5 


23 




57 


6.90X10 + 20 


9.80X10-6 


16 




58 


2.00X10+21 


. 5.00X10-6 


13 
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No 
















fin -m- 

\OL\i lO) 




(at%) 




61 


Si 


A1P 


1.0 


B 


1.0 




62 


Si 


A1P 


3.0 


B 


1.0 




63 


si ; 


A1P 


10.0 


B 


i.o ! 




64 


Si 


A1P 


1.0 


P 


1.0 




65 


Si 


A1P 


3.0 


P 


1.0 




66 


Si 


A1P 


10.0 


P 


1.0 




67 


Si 


GaP 

V— « CIA 


1.0 


B 


1.0 




68 


Si 


GaP 


3.0 


B 


1.0 




69 


Si 


GaP 


10.0 


B 


1.0 




70 


Si 


GaP 


1.0 


As 


1.0 




71 


Si 


GaP 


3.0 


As 


1.0 j 




72 


Si 


GaP 


10.0 


As 


1.0 1 


m 


73 


Si 


GaAs 


1.0 


Al ! 


1.0 




74 


Si 


GaAs 


3.0 


Al 


1.0 




75 


Si 


GaAs 


10.0 


Al 


1.0 




76 


Si 


GaAs 


1.0 


P 


1.0 




77 


Si 


GaAs 


3.0 


P 


1.0 




78 


Si 


GaAs 


10.0 


P 


1.0 


m 


79 


Si 


ZnO 


1.0 


B 


1.0 




80 


Si 


ZnO 


3.0 


B 


1.0 




81 


Si 


ZnO 


10.0 


B 


1.0 




82 


Si 


ZnO 


1.0 


P 


1.0 




83 


Si 


ZnO 


3.0 


P 


1.0 




84 


Si 


ZnO 


10.0 


P 


1.0 


7 


85 


Si 


CdS 


1.0 


B 


1.0 




86 


Si 


CdS 


3.0 


B 


1.0 




87 


Si 


CdS 


10.0 


B 


1.0 




88 


Si 


CdS 


1.0 


Sb 


1.0 




89 


Si 


CdS 


3.0 


Sb 


1.0 




90 


Si 


CdS 


10.0 


Sb 


1.0 
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:7-2 



i — r 
1 

1 


No 


3r -V U -V— MS 




1 










1 
I 




n(M/m3) 




.fX\YY/Xli xxy 


1 


61 


4.50X10+20 


6 40X10-6 


109 


1 


62 


4.20X10+20 


7 20X10-6 


19 


1 


63 


4.10X10+20 


7 40X10-6 


15 


J 


64 


5.30X10 + 20 


9 00X10-6 


102 


1 


65 


5.10X10+20 


q 20X10-6 


20 ! 




66 


4.90X10 + 20 


9 40X10-6 


16 


\m 


67 


4.80X10 + 20 


7 00X10-6 


107 




68 


4.60X10 + 20 


7 40 X 10-6 

f •TTiJ ✓> X\J 


16 ! 




69 


4.40X10+20 


7 60X10-6 

• • uu /> x vy 


13 




70 


4.70X10 + 20 


1 06X10-5 


108 




71 


4.40X10+20 


1.12 X 10- 5 


18 


1 


72 


4.30X10 + 20 


1 12X10-5 


14 ! 


m 


73 


3.90X10+20 


1 24X10-5 


92 




74 


3.70X10+20 


1.34X10-5 


17 | 


| 


75 


3.80X10+20 


1.32X10-5 


13 




76 


4.90X10+20 


8.80X10-6 


103 




77 


4.70X10+20 


9.20X10-6 


18 




78 


5.00X10+20 


9.40X10-6 


15 




79 


4.70X10+ 20 


7.40X10-6 


105 


80 


4.30X10+20 


7.60X10-6 


16 




81 


4.40X10+20 


7.80X10-6 


11 




82 


4.30X10+20 


1.00X10-5 


107 




83 


4.30X10+20 


1.04X10-5 


17 




84 


4.10X10+20 


1.06X10-5 


13 


7 


85 


4.50X10+20 


7.20X10-6 


107 




86 


4.10X10+20 


7.40X10-6 


18 




87 


4.20X10+20 


7.40X10-6 


14 i 




88 


3.70X10 + 20 


1.16X10-5 


109 




89 


3.80X10+20 


1.18X10-5 


15 




90 


3.40X10 + 20 


1.20X10-5 


13 
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y$k(D-l Z/Jy h£5X5X5mm, 10XlOX2mm, 10$X2mm©^JRC 

mmm9 

fc*K*>*WK V^*; h£5X5X5mm, 10XlOX2mm, 10$X2mm£DJf^C 

ow&&Zk £ *8-2 Izmir. 
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518-1 



Mn 1 

IN U. 1 


rr* 












(at%) 




(axvo) 


1 


Si 


c 


0.05 


B 


1.0 


2 1 


bl 


c 


3.0 


B 


1.0 


I 3 
i i 


Si 


c 


5.0 


B 


1.0 


1 4 


Si 


Ge 


0.05 


B 


1.0 


1 5 


Si 






B 


1.0 


6 


1 Si ' 


Ge 


5.0 


B 


1.0 


7 


1 Si 


Sn 


0.05 


Al 


1.0 


8 


1 Si 


Sn 


3.0 


Al 


1.0 


9 


1 Si 


Sn 


5.0 


Al 


1.0 


10 


Si 


B 


3.0 






11 


! Si 


Ga 


3.0 






(l2 


1 Si-Ge 


Ge 


20.0 


B 


3.0 


1 13 


Si-Ge 


Ge 


20.0 


Ga 


3.0 
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ms-2 



No. 


'J »fi 








misfits* 






n fM/m3) 

IXyXTX/ All / 


p(Q-m) 


iiT(W/m-K) 


1 


3.20X10+20 


5.40X10-6 


92 


2 


3.10X10+20 


5.80X10-6 


22 


3 1 


3.05X10+20 


5.90X10-6 


18 


4 


3.40X10+20 


5.70X10-6 


83 


5 


3.30X10+20 


5.90X10-6 


18 


6 

V/ 


3.20X10+20 


6.10X10-6 


15 


7 


2.50X10+20 


7.60X10-6 


86 


8 


2.60X10+20 


7.80X10-5 


20 


9 


2.40X10+20 


7.90X10-5 


16 


10 


4.50X10 + 20 


5.30X10-6 


32 


11 


3.70X10+20 


6.70X10-6 


36 


12 


4.50X10 + 19 


2.80X10-4 


15 


13 


3.70X10+19 


3.40X10-4 


9 
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PCT/JP98/03642 

WO 99/22411 

33 



H9-2 



No. 



1 n(M/m3) 




J\{ YY/II1XV/ 1 


1 21 1 


4.30X10+ 20 


6.70 X10- 6 


102 1 


|22 1 


4.10X10+20 


6.80X10-6 1 


25 1 


I 23 1 


4.05X10+20 


7.00X10-6 


18 I 


|24 


3.50X10+20 


7.30X10-6 


97 1 


125 1 


3.40X10+2° 


7.50X10-6 


22 I 


126 1 


3.30X10+20 


7.70X10-6 


15 1 


1 27 1 


3.10X10+20 


6.80X10-6 




1 28 


2.90X10+20 


7.10X10-6 


1 23 1 


1 29 1 


2.80X10+20 


7.20X10-6 


1 18 J 


1 30 
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